AUTOMATIC DETERGENT DISPENSING SYSTEM FOR A WAREWASHER 



Cross-Reference to Related Applications 
Not Applicable 

Statement Regarding Federally 
Sponsored Research or Development 

Not Applicable 
Background of the Invention 

1. Field of the Invention 

[0001] The present invention relates to automatic warewashers for cleaning dishes, 
glasses, pots, pans, kitchen utensils and the like; and in particular to apparatus for 
automatically dispensing detergent into the warewasher. 

2. Description of the Related Art 

[0002] Commercial kitchens have equipment to clean and sanitize dishes, glassware, 
and cooking utensils which are collectively referred to herein as "kitchen ware." Such 
equipment, which is commonly known as a "warewasher" or "dishwasher," has a 
cabinet defining an internal chamber into which trays of kitchen ware are placed for 
washing. A washing and rinsing apparatus within the chamber includes a plurality of 
nozzles from which water sprays onto the kitchen ware being washed. The lower part 
of the cabinet forms a tank that collects the water which then is repeatedly circulated 
through the nozzles by a pump during the wash cycle. Then fresh water from an external 
supply line is fed through the nozzles during the rinse cycle. As the rinse water flows 
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into the tank, some of the tank water overflows into a drain thus replacing some of the 
water from the wash cycle. The water is not completely drained from the tank between 
washing operations and thus contain detergent from a previous wash cycle. 

[0003] A relatively large amount of detergent must be added when the tank is 
initially filled with water prior to washing the first batch of dishes and glasses. 
Thereafter, additional detergent has to be added in smaller quantities at the start of 
each wash cycle to replenish the detergent that drained away during the rinse cycle. 

[0004] Systems have been devised to automatically add detergent into the cabinet. 
The basic automatic system always added the same predefined quantity of detergent at 
the start of each wash cycle. This quantity remained constant regardless of variation in 
water quality, soil condition of the dishes, and the amount of detergent remaining in the 
tank water. Thus these systems often added too much or too little detergent. Adding 
more than the necessary amount of detergent is wasteful and expensive, while adding 
less detergent than is needed results in the kitchen ware not being properly cleaned. 

[0005] An improved automatic detergent control system used a probe that measured 
the conductivity of the water in the tank. Because the detergent is an alkali, the water 
conductivity varied with the detergent concentration. Therefore, by sensing the water 
conductivity, the control system was able to determine how much detergent needed to be 
added at the beginning of a wash cycle. Although this system resulted in more 
economical use of detergent, the conductivity probe became fouled over time by the 
build-up of lime from the water. Thereafter, the probe provided false indications of the 
water conductivity because the lime deposits reduced the conductivity of the probe. 



Thus an inaccurately low conductivity measurement was produced that caused more 
detergent to be added than was necessary. The solution to this problem was to clean the 
conductivity probe periodically by hand with a lime dissolving chemical, usually a weak 
acid solution. However, until that cleaning occurred the system continued to consume a 
greater amount of detergent than was needed. 

Summary of the Invention 
[0006] An apparatus for dispensing detergent into a warewasher has a reservoir that 
contains the detergent. A flow control device is coupled to the reservoir and controls 
the flow of detergent into the warewasher. A sensor detects an amount of detergent 
present in water held in a tank of the warewasher. In the preferred embodiment of the 
apparatus, the sensor measures the electrical conductivity of the water, which varies 
with changes in the concentration of detergent. 

[0007] A controller, connected to the sensor, operates the flow control device to 
dispense detergent into the warewasher. The controller has a first mode of operation in 
which a quantity of detergent being dispensed is determined in response to the amount 
of detergent detected by the sensor. The quantity being dispensed brings the amount of 
detergent in the tank water to a desired level to properly clean the kitchen ware. In a 
second mode of operation of the controller, a predefined quantity of detergent always is 
dispensed into the warewasher without reference to the amount of detergent present in 
the tank water at the commencement of a wash cycle. The controller selects between the 
first and second modes in response to a determination regarding reliability of operation 
of the sensor. 



[0008] In the preferred embodiment, the operation of the sensor is determined to be 
reliable when the measurement of the electrical conductivity changes by at least a given 
amount upon detergent being dispensed into the warewasher. Otherwise the sensor 
operation is determined to be unreliable. 

Brief Description of the Drawings 
[0009] FIGURE 1 is an isometric illustration of a commercial warewasher which 
incorporates the present invention; 

[0010] FIGURE 2 is a schematic representation of control circuitry for the 
commercial warewasher; and 

[0011] FIGURE 3 is a flowchart of the process by which detergent is dispensed into 
the warewasher. 

Detailed Description of the Invention 
[0012] With initial reference to Figure 1, a commercial kitchen warewasher 10 has a 
cabinet 12 defining a chamber into which kitchen ware is placed for washing. Two 
doors 14 are slidably mounted on the cabinet 12 to close openings through which racks 
of glasses and dishes pass into and out of the chamber. The chamber contains standard 
washing and rinsing apparatus that includes a plurality of nozzles 1 6 that spray water 
supplied by a wash pump 18. A region at the bottom of the cabinet 12 forms a tank 15 
into which the water drains from the kitchen ware and which holds a volume of water 
between washing operations. 



[0013] Referring to Figure 2, the warewasher 10 has a conventional control system 
20 that employs a standard controller 22, such as a timer in which a motor drives a cam 
assembly that operates a plurality of electrical switches. The speed of the motor and the 
shape of the cam assembly determine the sequence and time periods that other 
components are activated by the switches during a cleaning operation. Ware washers 
with microcomputer based controllers also are available. The cleaning operation for a 
given batch of kitchen ware includes individual cycles for washing, rinsing, and 
sanitizing the kitchen ware. A control panel 24 provides switches by which the operator 
starts a cleaning operation and selects operational functions to be performed. 

[0014] The controller 22 produces an output signal that operates a solenoid water 
valve 26 to initially add water to the tank 15 at the bottom of the cabinet 12 and supply 
water to the nozzles 16 during the rinse cycle. Another output signal from the controller 
22 activates a solenoid drain valve 28 to drain the water from the tank 15 at the end of 
the business day. A relay 25 enables the controller 22 to activate the wash pump 18 
during the wash cycle. 

[0015] A detergent and additive dispensing system 30 also is provided on the 
warewasher 10. This dispensing system 30 has a controller 32 which includes a 
microcomputer 34 which executes a program that is stored in memory 36. That 
program defines the operation of the dispensing system. The controller 32 includes 
input circuits 38 that receive signals from various devices on the warewasher 10, as 
will be described. A number of output drivers 40 are connected to devices, such as 
pumps and valves, which are to be activated by the controller 32. 



[0016] The dispensing system 30 receives signals from the warewasher control 
system 20. Specifically, one signal indicates whether the pump relay 25 is activated, 
thereby providing an indication of whether the warewasher is in the wash cycle. Another 
input is provided from the water valve 26 which indicates that a rinse cycle is occurring. 
The dispensing system 30 has a conductivity sensor 42 which is placed below the water 
line of the tank 1 5 to detect the conductivity of the water held therein. A water 
temperature sensor 44 is co-located with the conductivity sensor 42 to provide a signal 
indicating the temperature of the water within tank 15. Another temperature sensor 46 is 
mounted in a conduit that carries water during the rinse cycle and thus provides an 
indication of the rinse water temperature. 

[0017] Referring again to Figure 1, containers 50, 51 and 52 are provided to store 
detergent, a rinse additive and a sanitizer chemical, respectively. Each of the containers 
50, 51 and 52 has a separate pump 54, 56 and 58 associated therewith to convey the 
respective solution through tubes to the cabinet 12 of the warewasher 10 when the 
respective pump is energized. As shown in Figure 2, the pumps 54, 56 and 58 are 
controlled by output drivers 40 of the dispensing controller 32. A control panel 48 
enables the operator to monitor and direct the chemical dispensing. 

[0018] The dispensing controller 32 also has a sensor 60 which monitors the level of 
the rinse additive within container 5 1 and another level sensor 62 which provides an 
electrical indication of how much sanitizer is within container 52. The signals from the 
various level sensors, temperature sensors and conductivity sensor are applied to input 
circuits 38 of the dispensing controller 32. 
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deemed unreliable. In the probe-less mode, a first predefined amount of detergent is 
dispensed both upon initial filling of the tank 1 5 and a smaller second predefined amount 
is dispensed at the commencement of each wash cycle. These two predefined amounts of 
detergent are defined during the configuration process. The settings of the configuration 
parameters are stored within the memory 36 of the controller 32 and are addressed as 
needed by the microcomputer 34. 

[0022] Once the dispensing control system 30 has been configured, the warewasher 
can be placed into operation with automatic dispensing of the detergent, rinse additive 
and sanitizer from containers 50-52. As noted previously, the present invention relates to 
the automated dispensing of the detergent. Each time the control system 20 of the 
warewasher 10 enters a wash cycle, the conventional dishwasher controller 22 activates 
the pump relay 25. In addition to energizing the wash pump 18, this action sends a 
signal to the controller 32 of the automatic dispensing system 30. The microcomputer 34 
recognizes this signal and responds by activating a software routine depicted in Figure 3. 

[0023] That software routine commences at step 70 with the microcomputer reading 
the tank water conductivity, as indicated by the signal from sensor 42, and stores the 
conductivity value in memory 36. Then at step 72, a check is made whether a probe 
disabled flag was set in memory 36 during previous operation of the warewasher 10. 
This flag is set when a determination is made that the signal from the conductivity probe 
is unreliable as may occur due to excessive lime build-up. If the probe disabled flag is 
set, the microcomputer 34 controls the dispensing of detergent in the probe-less mode 
which does not use the conductivity measurements. In the probe-less mode, the software 
execution branches to step 74 where the detergent pump 54 is turned on for a fixed 
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period of time required to dispense the predefined quantity of liquid detergent as 
specified by the configuration parameters. The pump 54 feds the detergent from the 
container 50 into the tank 15 of the warewasher 10 where the detergent mixes with the 
tank water and the resultant solution is circulated through the spray nozzles 16 by the 
wash pump 18. When the predefined quantity of liquid detergent has been dispensed, the 
detergent pump 54 is deactivated and the program execution jumps to step 88, which will 
be discussed hereinafter. 

[0024] If the probe disable flag is not found set at step 72, the software execution 
branches to step 76 and enters the "probe mode" of operation. At this step, the 
microcomputer 34 dynamically derives a detergent concentration level from the 
conductivity measurement provided by probe 42. Next at step 78, the microcomputer 
calculates the difference between the derived detergent concentration level and the 
desired concentration level set during the configuration process. This difference then 
is used at step 80 to determine whether detergent needs to be added. If that is not the 
case, execution of the software routine terminates until the next wash cycle. 

[0025] If additional detergent is required, the program execution advances from step 
80 to step 82 where the quantity of detergent to be added is determined based on the 
difference between the actual and desired concentration levels and the fixed volume of 
water in the tank 15. The period of time that the detergent pump must be activated to 
supply this quantity of detergent is calculated at step 84. Then at step 86, the 
microcomputer 34 activates the detergent pump 54, via one of the output drivers 40, for 
the calculated period of time. 



[0026] Thereafter, the software execution delays for a period of time at step 88 to 
allow the newly added detergent to be distributed throughout the volume of water in 
the tank 15 so that the concentration of detergent reaches equilibrium. Then at step 90, 
the microcomputer 34 again reads the conductivity indicated by probe 42 and at step 92 
compares this new conductivity level with the previous conductivity level that was 
stored at step 70. This comparison indicates whether the conductivity of the tank water 
has increased significantly as should have occurred due to the additional detergent. 

[0027] Failure of the tank water conductivity to increase significantly often results 
from the detergent container 50 being empty and needing to be refilled. Thus, if the 
conductivity has not increased by at least a predetermined amount, the dispensing 
process branches to step 94 where a determination is made whether an alarm flag had 
been previously set by a previous finding of unchanged conductivity. If the alarm flag is 
not set, the program execution activates an audible detergent alarm at step 96 to alert the 
operator that the container 50 may need to be refilled with detergent. At the same time, 
the alarm flag is set to provide an indication the alarm condition, even after the operator 
refills the detergent container 50 and resets the audible detergent alarm via the operator 
control panel 48. The execution of routine then terminates until the next wash cycle. 

[0028] However, if the alarm flag was found set at step 94, it is assumed that the 
operator had previously responded to the alarm by inspecting the detergent container 50 
and refilling it if necessary. Therefore, a consecutive occurrence of unchanged 
conductivity probably did not result from a lack of detergent and likely resulted from a 
malfunctioning conductivity probe 42. As noted previously, lime from the water 
becomes deposited over time on the conductivity probe and adversely affects accurate 
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conductivity measurements. Excessive lime deposits can result in the measured 
conductivity remaining unchanged of failing to increase significantly, even though 
detergent is being added to the tank 15. Thus, if a alarm flag was found previously set at 
step 94, the controller 32 concludes that the conductivity probe 42 cannot be relied upon 
to control the dispensing of detergent and the probe-less mode of operation should be 
employed. This mode change is indicated by setting the probe disabled flag and alerting 
the operator, at step 98. Therefore, during the next wash cycle, the probe disabled flag 
will be found to be set at step 72 causing the controller 32 to branch into the probe-less 
mode of operation in step 74, as previously described. 

[0029] Steps 88 through 99 are executed after step 74 in the probe-less mode. 
Therefore should the conductivity be found to have changed at step 92, the control 
system 30 concludes that the probe again can be relied upon, as it may have been cleaned 
or another malfunction rectified. Thus, a change in conductivity detected at any time at 
step 92 causes the execution of step 99 where the probe disabled flag, alarm flag and the 
audible alarm are all reset before terminating the detergent dispensing routine. This 
action restores the controller operation to the probe mode and terminates any alarm 
indications. 

[0030] The present system economically dispenses detergent on an as needed basis 
using the relationship between the tank water conductivity and detergent concentration. 
The system has the ability to detect a malfunctioning conductivity probe and 
automatically switch to a mode of operation that does not use the conductivity 
measurements. If the conductivity probe subsequently returns to reliable operation, 
the dispensing system automatically reverts to the mode the employs the conductivity. 
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[0031] The foregoing description was primarily directed to a preferred embodiment 
of the invention. Although some attention was given to various alternatives within the 
scope of the invention, it is anticipated that one skilled in the art will likely realize 
additional alternatives that are now apparent from disclosure of embodiments of the 
invention. For example, although a separate controller 32 has been described for 
detergent dispensing, that functionality can be incorporated into a microcomputer based 
dishwasher controller 22. Accordingly, the scope of the invention should be determined 
from the following claims and not limited by the above disclosure. 
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